Results
The Drosophila ten m /odd Oz (odz) gene was isolated independently by two groups as a transmembrane tyrosine kinase substrate (Levine et al., 1994) or as a secreted protein related to the extracellular matrix molecule tenascin (Baumgartner et al., 1994) . It encodes a large protein of 2731 amino acids with eight EGF-like repeats. ten m /odz mutants show the pair-rule phenotype similar to that of odd paired (opa), consistent with the fact that its product is mainly localized in odd-numbered parasegments at early embryonic stages. ten m /odz is expressed throughout development in tissues such as brain, ventral nerve cord, cardiac cells, lymph glands, tracheal system, and imaginal discs (Baumgartner et al., 1994; Levine et al., 1994 Levine et al., , 1997 . Recently, a mouse gene highly homologous to ten m /odz was isolated as a stress-induced gene DOC4 (Wang et al., 1998) . In mouse embryos, DOC4 is expressed at the midbrain/hindbrain boundary region. Its precise expression pattern during development and its roles in vertebrate development have not been determined.
In a search for factors regulated by the LIM/homeodomain transcription factor Islet-3 (Tokumoto et al., 1995; Kikuchi et al., 1997) , we isolated two zebra®sh homologues of ten m /odz. During preparation of this manuscript, four mouse (ten-m1±4, ten-m4 is identical to DOC4) (Oohashi et al., 1999) and one chick (teneurin-1) (Minet et al., 1999) homologues of ten m /odz were reported. Comparison of amino acids sequences among zebra®sh, mouse, and chick homologues revealed that our zebra®sh homologues correspond to the mouse ten-m3 and ten-m4. Zebra®sh ten-m3 (DDBJ/EMBL/GenBank accession number AB026979) and ten-m4 (accession number AB026980) encodes 2590 and 2824 amino acids proteins highly similar to the products of the mouse gene DOC4 (64 and 77% identity, respectively) and the Drosophila gene ten m /odz (30 and 29% identity) throughout its length (Fig. 1) . Amino acids identity between ten-m3 and ten-m4 is 61%. Each protein contains a hydrophobic stretch (putative transmembrane region), eight EGF-like repeats that share highest homology with the extracellular protein tenascin, and the CC domain that is conserved among proteins encoded by DOC4, ten m /odz, and another Drosophila tenascin-related gene ten show high degree of homology to the N-terminal part of a human secreted molecule g -heregulin (71% identity) (Schaefer et al., 1997) , as the DOC4 protein does. The Nterminal 336 amino acids of ten-m3 product (residues 67± 402) also shows homology to the g -heregulin to a lower extent (48% identity), although it lacks the most N-terminal part of the conserved region among ten-m4, DOC4, and gheregulin (Fig. 1) . We also isolated a short form of ten-m4 cDNA fragment lacking sequences encoding amino acids residues 166±238, which is conserved in DOC4 and zebra®sh ten-m3, but not in g -heregulin and mouse ten-m4. This fact suggests the existence of splicing variants of ten-m4.
During gastrulation, ten-m4 is expressed throughout the embryo very faintly, while no expression of ten-m3 is seen (data not shown). ten-m3 begins to be expressed at the notochord and the somite around tailbud stage ( Fig. 2A) . ten-m4 is expressed along the anterior margin of the neural plate at this stage, as shown by double staining of ten-m4 and pax2 transcripts (Fig. 2B,C) . Later, this marginal expression extends caudally, and eventually restricted only to the caudal neural plate (Fig. 2F) . At 14 h post-fertilization (hpf), ten-m3 is expressed in the somites, notochord, and the brain, while ten-m4 is mainly expressed in the brain (Fig. 2D,E) . Their segmental expression in the hindbrain becomes obvious around this stage. ten-m3 is expressed in the rhombomere 3 (r3) and r5 (Fig. 2D) , while ten-m4 is expressed in r5 and more strongly in r6 (Fig. 2E ). In the forebrain and the midbrain, ten-m3 and ten-m4 are expressed in a complementary pattern (Fig. 2D,E,M±P) . ten-m3 is expressed in the optic vesicles and a region covering the caudal diencephalon and the mesencephalon with the strongest expression at its most anterior part (Fig. 2D) . In contrast, ten-m4 is expressed in the rostral diencephalon with weak expression in the optic vesicles, and a region covering the mesencephalon and the midbrain/hindbrain boundary (MHB) in a gradient manner with stronger expression at its posterior end (Fig. 2E) . At 17 hpf, ten-m4 is expressed weakly in the dorsal edge of the most caudal part of the neural tube (Fig. 2K) . Mesodermal expression of ten-m3 is observed in both forming and formed somites (Fig. 2D,G±J) . In forming and newly formed somites, tenm3 transcripts are distributed evenly (Fig. 2I) . In contrast, their distribution in somites located on more anterior trunk seems to be uneven, strongest in the ventral, intermediate in the dorsal, and weakest in the medial parts (Fig. 2G,H) . At 23 hpf, there is no ten-m3 expression in the medial parts of somites (Fig. 2J) . Its expression in somites fades away by 36 hpf. At 20 hpf, additional expression of ten-m3 is detected in the pharyngeal arches (arrows in Fig. 2M ). ten-m4 is expressed in putative r2 and the anterior spinal cord (Fig.  2N) . Faint expression of ten-m4 is also detected in several neurons located at ventral and dorsal parts of the caudal spinal cord (arrowheads in Fig. 2L ) ten-m3 expression in the hindbrain fades away by 23 hpf (Fig. 2O) . Expression of ten-m3 and ten-m4 shows complementary pattern not only along the rostrocaudal axis but also along the dorsoventral at 23 hpf (Fig. 2Q±T) . In the midbrain, ten-m3 is expressed in the dorsal part of the tectal primordium and the ventral midbrain, while ten-m4 is expressed in the ventral part of the tectal primordium. Furthermore, ten-m4-expressing domains in the rostral diencephalon look like two, lines, one is located at the most ventral part (presumptive hypothalamus) and the other around the boundary of the telencephalon and the diencephalon (arrows in Fig. 2T ), whereas tenm3-expressing domain is located between two ten-m4-expressing domains (arrow in Fig. 2S ). Their complementary expression becomes ambiguous at later stages (Fig. 2U±  X) . In 36 hpf embryos, additional expression of ten-m3 is observed in the pectoral ®n buds (arrow in Fig. 2W ).
Methods
A cDNA fragment of ten-m3 was located in a search for downstream factors of the Islet-3 (described elsewhere). cDNA clones covering ORFs of ten-m3 and ten-m4 were obtained by screening a 18±20 hpf zebra®sh embryo cDNA library (Inoue et al., 1994) , and 5 H or 3 H RACE from 36 hpf mRNA using Marathon cDNA Ampli®cation kit (CLON-TECH). Whole amount in situ hybridization was performed as described previously (Wester®eld, 1995) .
